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GUIDANCE AND CONTROL 
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Gent1emen ; this morning I would like to guide you throim!* c description of some technbN • 
or N\3A*c electronics and control program, as .o, in Figure 1. Included are r.-od 

guidance and control fur'. Hons in accomplishing u space aeronautical vehicle mis ] •- 
here in diagrammatic form is the flow of Information arc tv. mm ends in a ncvlgc.'ion, guh. v • J 
control system. 


First navigation <s performed, deciding v/ccr fine, 
actions are des: od, and with ,.,r sors rrvv. mg the 
end point and w.ore you are, r votive :*c : ue: 
other. The guidance system, who i;s server-, thor 
determines the best path to fo! N// to arrive at the 
destination. Co. .rol then keeps the vehicle on :h.s 
flight path by means of actuators, acting on the 
vehicle. We will see examples of research end ; 
development in each of these blocks, aimed at j 

con tribe, eg to the technology of the vehicle ! 

navigate guidance and control for use by future | 
S pa c c a * . ' ■ uei o . .jo tical projects. 
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Important to such research work is the evablish- 
ment of technical requl remenrs — goats, if you 
wiil — for our program efforts. How these require- 
ments Influence the emphasis on specific devices 
can be traced in the following sequence. First, 
as Figure 2 shows, the mission time demands 
r^.Iabie cp voting life of our subsystems. Shown 
ere reprccer. v-rivc high thrust missions of the 
future, and ;,.e associate reliable life require- 
ments in years. Not included of course. Is the 
amount of confidence one rnusr place on each of 
the subsystems. . .is it a prl mary system, a 


secondary or backup, is it manned. .. all of which 
will then determine the required reliability 
for the subsystem. 


Both the requirements for very long life in 
navigation and Nance systems, and the desire 
to have simple backup schemes lead to consid- 
eration of manned navigation systems, illustrated 
in Figu.v 3. 

Prior to the availability of an advanced spac 

fiW.r guidance simulation facility being . - 

developed for Ames Research Center, an Interim Fig. 3 

simulator is being used effectively. The simulator 
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consists of o * crew compartment supported on an on -soaring table to provide free «. • 

motion. The spacecraft and her, -held optica, instruments or*: orovided a planetary ana s Y a 
and the compartment : be!f is controlled by a cold gas ! r- controlled system. 

Studies with, . .is sir. . • at Arnes of the accuracy or- tc:wv:!A -vith crew-operated menu a: ^ w 
tion instruments hav j b “cr, underway . The sta a : as err in vws r. gating the use of both nano- h i 
spacecraft mounted instruments. Experiences k r Fc;ao nuv ; : tors and Ames Research C» '« 
engineering personnel are participating in these stuci.es. Kesuits of the studies to date show ; ; 
readings with handAiAd backup Instruments, plus a navigation table, can be obtained with Mu 
accuracies. As an example, other factors being equo w the use of a manual system as backup 
would degrade the Earth landing footprint area on a r>nor return mission by only a facto:' o. ; 
compared with the use of instruments of the accuracy po: . -or cipollo. 

In addition to these studies, research on a vr . ioty or eavi-jcmmoal instrument techniques is w.' 
way in. -house at Ames. Devices being investigated m.clu-A: : r.nual !y -operated sextants usi.y; 
advar.cod filters, fiber optics, and special electronic'., a. A . : photographic system in which 
pic:;. v vary discs are photographed against the star background. Navigational measurements are 
me- directly from /A moulting photographs. 

Mh .on considerations amo lead us to requirements 
fA: chore gyroscope devices. Figure 4. For each 

of Aicated applications — a job within a mis- 

s, /. .ft rates and other requirements are derived. 

Shoo i are the principal unmet requirements In each 
case. For example, for capsule maneuvers, drift 
stability Is an unmet requirement. However, 
achieving long life nm this particular application 
is not a problem too. y . Future gyros shoulo cer- 
tainly require no temperature oven control to; 
stability. Tnoy shoe- v. have no external magnetic 
field to interfere wiv. . . /her space Instrumentation 
and should require a minimum associated com- 
puter capability. These requirements have led us Fig. 4 

to both research and development tasks related to the cryogenic gyro. Figure o. Here a super- 
conducting sphere is supported in a vacuum by a frictionless magnetic mAa, and tne position of 
vhe spacecraft relative to this sphere is read out optically. !he superconducti vcy is maintained by 

Imerslng the unit in the very cold liquified gas 
fuel cell of the spacecraft. 

Progress is shown by the very low drift rate 
achieved, matching the drift requirement of 
Figure 4, and the long run-down time constant. 
This time constant indicates the potential for long 
life, if the very serious heating problem and con- 
sequent loss of superconductive properties in the 
superconducting sphere can be solved. 
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Problems remaining to be solved include Mo rotor finishing to get an extremely smooth and 
accurate surface on the sphere, which promises to be a solution to the very severe heating prob- 
lem; repeatability of fabrication, because of the finishwp process primarily; and the fact that 
superconducting materia ollabic today icquire liquid helium temperatures. Helium as a fuel 
has a specific impulse at ^.ociscly zero. Wo want to go to liquid hydrogen temperatures at 21° 
above absolute zero — this is desired end we nope to be able to make that. 


OPTICAL UStii CYiiO K£S£A.’tCH 
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Another gyroscope development 
aimed at rhe long-life medium accuracy required 
(Figure 4), is the laser gyro. Figure 6. In this 
case a four-sided laser system has light going in 
both directions around the ring. Please remember 
that light travels at a constant velocity without 
regard to the velocity of the medium through 
which it is passing. If we Imagine this ring 
rotating, then liaht passing In the direction of 
the rotation will have to travel a longer disrance 

and will have a longer wavelength and c lower 

frequency than light going in the other direction, 

against the rotation. If a sample of both light Fig. 6 

beams is taken out and compared by conventional microwave techniques, the annular rare 

measured, and we have an angular rate sensor useful both in guidance and control. 
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The potential for long-life reliability can be seen from c .,mp!ete lack of moving parts . . 

is now going on at Ohio State University and at other pieces towards optic. urn configurer; n.- :: 
optimum gas mixtures, the achievement of a single mode o. oscillation wridn rne masers, :m 
store rather than gaseous masers or lasers., even 

some fundamental physics is not yet under tood, cnoAie: or oames sf*:..: 

and of course all of it pointed towards gr-;?.or 
reliability of this type of sensor. 

Earlier trajectory studies -of Mars and 

Venus O. ..... -or missions. Figure 7, using deatri- 

cally propelled spacecraft, indicated the. sensi- 
tivity of those trajectories to relatively small 
guidance errors. For example, in a 415-cJay Mars 
Orbitor rvidMcn, one-half degree error In thrust 
angle could result in 200,000 miles position error 
at the target planet. It was concluded that 


Fig. 7 



flight end corrective guidance maneuvers 


hOpeti tlvq frajecT. / uctuv.... evens r!vougl;Ou: rhe r 

would be required tor the lev/ thrust propulsion system mission, in fact, in this repetitive mode it 
is rather 1 a to distinguish between navigation and guidance. This work is currently being 
followed by more detailed studies of specific techniques for guidance of low thrust spacecraft 
trajectories, which should lead to the formulation of statistically optimal guidance procedures. 

In cralle; with the guidance studies, ;,::c studies directed toward the applica- 

tion of advanced mathematical techniques to the calculation of trajectories for vehicles having 
one or more iow-thrust rages. This work is cn extension of a major activity at vGT'C on the 

performance of v d notary studies for . Ji-thrust missions. 


Although considerable analytical work remains to be compiled, it has been recognized that 
sensor tech ogy a op !i cable to low-thrust guidance should be developed. Particularly needed, 
are accelerometers having sensitivities in linearities for accelerations several orders of magnitude 
lev r than b.ose used in current rdgh-rnrust applications. Unfortunately the lack of available 
manpower has precluded the initiation of requirement and specification work in this area. There 
is of interest, however, a procurement , of an electrostatically suspended, accelerometer 

developed by Bell Aerosystems for the Air Force. This accelerometer is to be used for thrust 
measure ...enf of ion engines in future orbital engineering flights. Tills 

with suitable modifications for 

increased sensitivity, can give early insights into the problems of measuring low accelerations. 


A research task underway at Ames, Figure 8, com- 7 ~ ■ 

bines ^ an ce and control studies aimed at solving 
the zero zero landing problem of the short haul 
commercial airliner when operating into relatively 
small airports not equipped with all of the para- 
phernalia available to today's jet transports. The 
concept uses rather precise on -board inertial 
navigation equip. . v, forward icoking a;v eoppier 
radars, and digital computer equipment in the 
airplane, combined with unavtended, simple, 
accurately locator, radar repeaters placed near 
the approach end of the runway. The pilot, 
having complete and precise knowledge of the 

run . ay position presented to him, flies the air- pj g 

ere.. In a cscudc-visua! mode to a blind landing. 

System simulation results have been quite encouraging and flight tests of a representative system 
will be conducted soon. 


The pert which a pilot may play in controlling a vehicle is always of interest. If a pilot, 
equipped with a full set of instruments, is aboard a large space booster being sent on a space 
mission, what role can the pilot play in making more effective the controls in that booster; To 
answer this question it was postulated that a pilot could control during boost and might even per- 
form better than a completely automatic autopilot In cases of partial failure of rhe electronic 
system. 

A preliminary demonstration was mounted by .varsha! 1 scientists, using an Ames simulator at Ames, 
and with the aid of Ames and Flight experience in manned flight control. The demonstrator-, 
showed the: v.e pilot could control the vehicle, given properly displayed Information, . .o could 
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in^OvVIition reduce structural loads duo to wind gusts. The Pilot must, however, 
F‘om spme pe ■ -ns of the automatic system, so he doesn’t replace the autopilot, 
the system as a whole more effective. 


be given aid 
hut simply makes 


The results. Figure V, then show that wire a 
ty 'cal manned booster ojectory, shown here 
schematically, in*thc n ;! ail systems "Go" 
mode; the pilot could adapt to changing wind con- 
ditions cs they develop during flight, minimizing 
structural loads, could guide by alternate paths 
during .ho ascent, and could materially aid in 
precise in; action control. When malfunctions 
were simulated, the pilot could correct for many 
of these, or in case of abort, could take the 
safest course of action. !n fact the pilot's ability 
to adept to new conditions rivals that of advanced 
digital adaptive autopilots Doing developed now 
for boos i or use. 


ZXZZIZ BOOSTER CONTROL 
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Fig. 9 


The booster characteristics used in the simulate.. 1/ were those of the 

Saturn V. It appears feasible to incorporate mcnr.ec bcou control in manned Saturn V launchings 
with very little change in the vehicle, frds moa^ of ration Is being considered by Solum V' 
project engineers, although much remains to be done before a decision can be made to ev ; i h : 

C w.'; t ro I . 

Future simulation work along these lines is planned to extend this analysis to piloted .weave -able 
booster concepts, where pilot control may greatly simplify guidance and control equipment 
requirements. 


Turning our attention from flight systems to some 
tools of the flight control investigator, Figure 10, 
file simulator shown is used for some related work. 
Tim* Interchangeable pilot enclosures — the one 
hero Is a Gemini enclosure — will house one or two 
men, mounted on a ten-foot diameter glrnbal ring, 
hydraulically driven by a computer, nor shown. 
The computer has within it the equation., of motion 
of the simulated vehicle, and in turn is driven by 
ti. . ,/hs ccnP'ols. Where the simulation can be 
o^.m with c fixed-base simulator, where the pilot 


Fig. 10 
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does ;v;>rJfnove tn^correspondencc with the simulated vehicle's motions, it certainly is ro br* 
preferred. . 


Figure 11 shows two conditions of flight: Launch 
and climb, and reu" :y , In which fixed-base 
simulation results wurc compared with X-15 
flight r Its, the line showing satisfactory 
correlation. The experimental points (shadeo 
area) show satisfactory correlation for launch 
and cbm ib, but not for rgo. ry. Because of these 
sorts of comparisons, reentry and other flight 
regimes must be simulated by moving base simu- 
lators, while launch and climb can be simulared 
by fixed base simulators. Our cbiiity to jucg e 
between the complexity and cost of these rw-: 


cl. 


;;mui at i c n 


types to accomplish a specified ta 
is Increasing, but is greatly dependent on tru 
ability to m. .urc human performed 


PILOTED SYSTEMS 
insures 
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Fig. 11 

-r>. Figure 12 further notes that Pv 
biy measure human pcrforman.ee hi 
oop leads directly to barter com 
>ugh our ability ro utilize: a 
procedure. Presently ihc: 


>1 ! 


ed in 

system performance. 


measuring t! 


srs 


The first of these, subjective rating sca!es / s 
from the usual difficulty with subjective scales in 
that vhe pilot is seldom able to describe objec- 
tively what he hGS done, but it is still quide use- 
ful for acceptability — test pilot — sort;* of judg- 
ments. 


Fig. 12 

Second, c„...tro! stick errors are sometimes used as moesures. Many parameters of the simulated 
ty.t are recorded, usually as paraiL. pen tracings, end an evaluation Is made of the complex 
Interrelations between such tracings. Often thirty or more are required. The important thing is 
the mass c aata. Even with this mass of data, certain conclusions seldom can be drawn regarding 
the suite ty of me control system design. Experienced flight control engineers can intuitively 
derive mean information from such a record, and of course many successful vehicles are now 
flying based on such intuitive analyses. But the method leaves much to be desired. Measures 
derived from these instantaneous errors, such as Integrated absolute error and RMS error, do not 
correlate between themselves, and an even less reliable correlation is obtained between these 
measures and the design being vested. 


We desire instead, a avional design procedure for manned flight control systems in which the 
actions of the man can be predicted accurately. True, we can predict pilots 1 actions In the 
simplest cases, single axis control, linear operations, non-time variant, single task. But tno 
real va.^e of pilot in a flight control situation is where he is adaptive, none;, .or, making control 


I memo Is ais 


o g ; ; 


sought 


decisions about multiple axes and multiple tasks. Mathematica 
these more complex, real cases, drawing on the extensive control meory availaole today in 
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ar..p led data models, and so forth 


,izec 


;ms. 


.. . . die mc ; ..od of mathematical modeling, 

/inure :o shows a method used at Langley, in 
which c .diet *s maced in a typical simulated 
control .oos, * dng asked to command me vehicle 
according tc . ,e commands and errors fed to him 
through his display, m now a computer, ccrually 
a part of an adaptive autopilot, is given the SGme 
I id o; .on and is driven io adapt to give the same i 

ce r a., .e me . , a. rer the run is ever the 

v,ctcristics of the adaptive autcoiiot can be ' 

... out and are a .soasun of the piior performance ; 
on this task using tins control and display. Note ; 
riiar the autopilot Is not driving the vehicle. It is 
simply adapting itself to null the difference be- 
tween its performance and the pilot's. Extensions c: th 
operations promise to yield useful models, . >ch as samp 
flight 'ontroi systems, which will make the most of the 
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Is technique ic multi axis and r,c -an 
; ‘ ,tc mode is, for the design ai , 
* n o- ; ease capabi 1 1 ly of the ,oi let. 


9 




? rr > _ * • ,r*; . _ . . | 

L O*; S CO! i-O O l Q SO i C 1 


cc.viro: system whose very virtue is the foci* that if depend 


on 
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/crude .mg pc rat I a rna; 
1-1, in gravity gvaai 


ov err c< 

A- 


jf_f_ 


' UVVitUOu ji 

wiiii an uppe ' . lower end represented by fh _ 

dumbbell. The lower end, because if is closer to 
the Earth, has a slightly higher gravity force 
acting on if, therefore it weighs more. The 
effect is to rotate the dumbbell so that the heavy 
end points toward hr berth. This force exists. 

l.,.s been so-m many .ones in orbit. W without 
a further step it would result in a pendulum 
action, swinging about the neutral position. 
Damping must be provided, and therein iMs the 
engineering problem. 


ysrem . 
a: ion . 


i l i v> 1 

. e . e 


let’s look at the principle involved, 
we have a representative spacecraft 
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Fig. 15 

its damping info the other ax. 
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Practical Implementation of gravity gradient 
attitude control fakes a form like the configura- 
tion shown in Figure 15, developed at the Ames 
Center, and worked on by others, In which long 
rods are paid out from the satellite body to 
Increase "he satellite’s rotational inertia. The 
satellite is skewed with respect to the orbited 
olane so that If goes along in a skid all the rime 


| ir. oraoi 
three a; 

making a minimum cor 


j . 


have be 


on work 


;ing on the technology required for them ver; 


ro cross couple the motion about fiv- 
es. Due to this cross coupling we c-. 

: por about one axis, cross cou: 
c on v i g u r o r » o n . In a aci i f \ oi ? , ■. • ■ 
sometimes 30 to 500 ;■ 
the rod bending due to ~c 


; » i g i OU 


in length, working towards rod configuration and ...womans so 
heating will not materially affect the operation. 

The animate aim Is developmon; 
technology applicable to a variety of spacecraft, operation up o synchronous altitudes, < 
effective iono-Hfe stabilization for communications sateilites, meteorological satellites c 
other kind of sateMlro that needs to point towards 
the earth. 


Moving on ro rhe a creators, Figure 16, '/.rich 
execute vr.e commands of the guidance ana con- 
trol system, we have supported the development, 
by American Standard Radiators’ Advanced Tech- 
nology Laboratory, of a micro-power fhrusfor tor 
mass expulsion attitude control of spacecraft 
which utilizes gaseous hydrogen as a propellant. 
Ilf : may bo available from boil -oft of the 
!‘:v h roftyh o// . . Hydrogen under pressure Is 

..rvorucu-4 . , . ;o u ..h r within one pressure chamber. 
V/licn o control system dun; ends if, the electrical 


GAS FLOW VALVE 


i cAi; i h-«;h 

! • MV V A L V 1 i <: H 
: I . AM ! 7 uf'J (i* 
■>t i ; i M. cun l kul 





■^IK. 


,p 


ri 1 


: zj - 


CttS I KOt 
< fi C ii 1 


Fig. 16 



•system heats the pipe. The pipe Is made of a peculiar 
allows the hydrogen to diffuse through -ne pode hue 
through th rust nozzle, exerting a Ha joe con roi a. 
valve for .;:ude thrust control, a.* -or a . .-irge, s> 

obtain^ which has a pcn;r«rlo; ro;;c.x»iiy muc.. go a 


moral , palladium, which vvh<-n - 
.! Into the pressure chamber, , a 
■■ spacecraft. Thus a no ; - 

c*' iy perturbing orbiic! spaces. 

; : ■ r i a fs n c w c v c i ! OS i c • 
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... COM/v rJ N I C ATI O N S , 


INSTRUMENTATION AND DATA PRO( 


iessing 


\SA research activities I 


w i ; i 


;ove r 


technical areas shown in F inure 1 , Those 


tecnnicai areas range from the instrumenting of the ph deal phenomena to th . experimenter, 
includin' ;ome d! scussion or the interactions of data .nocessing with the experimenters themselves 
These tec*,.. ve as are: instrumentation. On -u word data processing. Transmission, Information 

concerning the channel itself, the Receiver and Ground-based data processing. The basic objec- 
tives o. ro-oarch conducted In these technical 
or. as Is o improve the efficiency with which the 

..enter gathers the required data concerning 1 

^ ^ TKHKiai ASIAS 

•> phenomena. itfaaoiacs 


I w; . , highlight selected items from each of these 
technical areas to illustrate (a) the requirements 
v/e are striving to meet, (b) the existing state: of 
technology, (c) the progress being made, (d) fure; 
prospects. 

instrumentation 

The first technical area is that of the sensor or 
instrument, which is probably the most Is portent 
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.... u 10 

•* ■ ' ! ■«* *> 
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tn 


that it Is the first contact with the ph 

© LXTL'NMON or MEASURABLE RANGE 
O HIGHIK ACCURACIES 

© COMBINED inters or environmental parameters 

© DIVILOE'Ml NT OF STANDARDS 

<J DEVELOPMENT OF CALIBRATION METHODS 

NASA KE -3096-2. 44 


;cal 


rorce { o 
gories — 


Fig. 2 

In.rophysicai instrumentation area, 

, Irnoortanr instruments Is that of rh 


Fig. 1 

:.ie of interest. The instrument - c>: 

.? v fs arc many and diverse, n^v/* /* 

/ e readily summarized as shown In 
he most important requirement be: 
. . ding rhe sensor dynamic range a 
;;j. ; the utility o me sensor. Tin 
• . : listed in Figure ' apply win. 
rh j three primary h..,.ujmar:d .d ; 
asrrophysical , blomocdca!, 


gigged rmiai SEitsor-s 

EL£C7£G:i A:iD P20T0K S?£Ci aCmETISS 


•'iC 


! ■ : rn 


of 


in 

the 

charge^ particle instrument. Shown in Figure 3 
are two types of charged particle instruments. 

Our research efforts are directed primarily reward 
the individual parricle detection and counting 
approach. Previously, dnsiruments for detecting 
charged particles p e r r o r r. , ^ a e v eiocity or go 
energy filtering as shown In r'.gure 3, using 
Goctrica! or magnetic fields and then indicating 
the number of particles on an average basis. 



Fig. 



Langley/ - w ~arch Center end Goddard Space Flight Center seek to provide resolution in the detec- 
tion process so that individual particles can be detected. This approach which utilizes high-speed 


icws oromise 


of meeting the requl rornents of a dynamic range from a row particles per 


Second i O Tens 
nique; how eve 
detectors. 


-of-thousands of particles per rn 
r, other approaches such as elec 


rratecl in Figure 3 Is a solid-state tech' 
m multipliers are being pursued as charged particle 


the an 


engineering instrumentation, one of the more Important sensors is that of the abla- 
tion sensors. K search at Langley Research Center is pursuing three* different types of ablation 
swvnv-s as indicated in Figure 4. The optical ablation sensor operates os follows. As the material 
ablates, a sapphire red is exposed to the light generated by the plasma. The sapphire rod transmits 
the light generated by the plasma and this light is detected by the photo diodes. An output from 
the photo diode is an indication that the materia; has ablated to the end of the sapphire rod. 


0 snorv 
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The second approach re 
tr! cal conduction of the 
two wires imbedded i; . 
material ablates, the.... 
to charred mororiai w!u 
wires and thus indicate: .no material has cblalm 

i. 


kos advantage or 
c n a r f e a r n c r e r t c i 
. ...dieting material. As 
v r.es of the wires are exor 


md 


causes a short bet 


Wv 


ro 


expose me 
n: 


The instrument shown on the mr 


/ : res . 

ngn r m rigum illustrates an ablation instrument 
Ich Indicates in a more general sense the status of 
an ablating heat shield. The molybdenum rube is 
exposed to the heat end is weakened and bus loses 
id structural strength. Since the tube Is under 


non from me spring, 
-o a microswitch, ir.< 
me ci materials. 
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On-Board Data Processing or Encoding 


Lar. ley Research 

/ / ^ v> / 

Center has performed a flight experiment evalua- 
ting gamma rays as the source for a backscattering 
device. (Figure 5) Gemma rays ere emitted and 
the number reflected back providesa measure of 
the avrr.Ow meric density. Resuirs of the flight rest 
indicate mat we can accurately measure atmos- 
pheric densities at altitudes in excess of 300,000 
feet. Effort is being pursued using X-ray and 
ultra-violet, as well as electron b^ems, as the 
source for a backscattering instrument to measure 
atmospheric densities at altitudes in excess of 

400,000 feet. 


;chnicci area is that of on-board 


p roc ess i n g or one od • n g . 


This Is an area in v/i. ich 

v/e feci substantial improvement can be made In the efficiency of dare transfer and handling .y/ the 
spacecraft. For example, pre-processing of data on board the spccecm. ; can be enymoyed to elimi- 
nate much of the redundancy of data and thereby decrease the amount m data to be . ransm: tied . 
Shown in Figure 6 are two spacecraft, one transmitting all the data ana me other transmitting only 
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* *. T the pre-processed data. In conjunction with the 

- % ' pre-processing of data, .here is a large amount of 

eatasforege to allow the experimenter to command 
mo spacoc ratr to transmit the raw data if mere 
resolution in the experiment is needed to resolve 
some ambiguity. 

.o illustrate this type of system, consider a weather 
satellite whose primary mission is to provide hurri - 
^m.e v/ Minings. As ihown in Figure 7, the pre- 
process . og of the data would take the form of pattern 
r e coc- n i r ; on . P a tte rn re cog n i t i on pro v i d es rh e 
answer to the important question — is there ahurri- 
Fig. 6 cane? The critical data concerning the location 

end sixe of the eye, as well as the motion of the 
‘-/e, can also be prcvi-Jed by pattern racoon : id or. 
m pre-processing of the date. At the seme time, 
mu or two pictures of too hurricane could be 

• oree tor later conrirrnavion by the Weather Bureau. 

. ran s m i 1 t i ng on i y .... c r : t ; ca ! pa ram ere rs wh i ch 

.escribe the derri cone would represent a large " r * ' 

reus ed. on in the amount or data needed and thus 
achieve a considerable increase in the efficiency 
•m the CGfa channel. 

• m on-ooard data processing or encoding equip- 

ments require a large numoer of electronic com- 
ponents. !r Is the reliability of these components pm y 

which, T the tine* analysis, determines fir ■ • re: lab i :y out . ‘he expectancy of the spu - • 

r«soir, cm I durable research is being:;:. 

d. In theorem of electronic component rdl dri 

Our approach is first to determine the omm .*1 ■. • 

. the com pc. : ears In the environments she u 

c:_ ( o 

\;.un.: * i ijU r (:■ l.*, 

/ . . i o r . r. . n ng th e failure m od es e x h i i j ; r = .a h> 

rnc cmr:. an, in these environments, h- 
is orion • mweni excluding or minim!:. A ; - 

folium. , ,.nis;vis and orienting our rcsea. c.. ;m 


, .. Fig. 8 

cievising components which will be completely 
immune to that type of damage mechanism. 

To illustrate, let's lock at radiation damage. Fig- 
ure 9 snows the tolerance to proton reflation of 
conventional electronics, semi-condudors and thin 
vices. Semi-conductors have mss rolerance 
cor.v an .Ton a: devices such as re sis.crs end 
coped.;: u, m v,m . i as less to. efcnca the. . that pre- 
en dec ror me vr. ... film devices. One o; the reasons 
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no rnm Hi 


!* i gu i*o 


^v;cg (Mead Triodc) shown in 
10 is polycrysia! line and disturbances to 
its luftico structure .ould not affect its perform- 
ance. The .wad Trice. . utilizes tunneling 
phenomena . ^ provide the source of electrons, 
tlv, . ocher of o: : owns being determined by the 
vc;.eu‘ ■ piled. Control ling the flow of elec- 
trons v/ivh the signal voltage allows us to ccuieve 
a pow gain or an amplifying device. 

Devices receiving onsidcrable atfervrion , duo to 
their wondered immunity to rediov.on as well cs 
long 1;C jxpectancy, are the pneumatic devices. 

A * 


rmoge is because if is made of u single 

crysfoi lattice will caum it fodete riorate. 
.. .ms in the lattice of a semi-conductor and 


7 sdo T.dGDt 
i,... (Z) ij,| . 1 <■ 
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Fig. 10 
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Marshal! Space Fii 


w Studies conducted by 
chf Center indicate that using 


these end other pneumatic devices, if wdl be 
possible to construct computer systems with clock 




or 


ou: 

■y;- 


tens of kilocycles per second, component 

; of hundreds per cubic inc h o n d p o w o r 

oor looic element of a few milliwatts. 

1 

: resting to note that the common cal fail- 
dsected to be high for devices ot this 

of only immune to radm- 


e rney ar 


ion . our also nave 




i .... 


'i a 


I TO 


a r.d re 1 s go i i iry . d err. ^ 


e x v r e n i c i y 
icc vu re i s v o : i u s 

that we can expect to see pneum wc rimers and 
switches on washing machines ana dish washers 


Aesccrcn 
speech 
is to stud 


pCSS ; 


vU. 


. ; s being conducted on speed': processing re r 
deep space. Our approach is v 
ways c..x. moons to strip speech c 
v end emotional state, and jusv v. 

;rcn„:ni; speech stripped of ai. 
r requirement of one to two thous< 


•.VO - fold. 


Cl. H’S re vd U f : c e ; 

.r.smif the spek: 
... j nuance using 
md bits per secc 


educe the data required to 
on a long range basis, the 

. 1 C •' i C i U C 1 C » * u i 5 C J , U ‘ — - < a j -> 

-ords. Theoretlco y , ir 
>;•/ 60 bits oor second as • 


using > ro ac; 

• unc. I O : S ■ .J U C 


The second approach in speech proc, 
existing equipments that serve other 
beacon transponder. AVCO, under confrce; ro i\A>. , 
system which is exfre.no !y simple ... rneory, but code 
with a beacon transponder. i he speech processing 
is shown in Figure i2. The speech is ril re rod wirn er . 
vnen a: 


.wren do tea . 


re 

\ i »< 


c o a * rforonn area , he « d-*m * opt 
Indicating the zero crossing;. 


or fransm- rv.rrg eewen u .. 
rutting speech using trn- 
walking on p* 

/ easily be used in ccrw 
vco being perfected by A 
on the high, hard-clipg 
wave gives a pulse for cm 
sl fted. When these pulses 
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v this is not* a data rate ; 

:• technique to put speech in 
incorporate speech on c; C-;, 
: i c h c sy s to r n h a d ! > ( : e \> c \ v j ■ : ' ; 
i ! 1 g ! n , i t c: ou Id h u V c 1 .> * « . , ; ; 

.. of corn m u n i ca tl on d u n n g . 

;vu the C-band beacon did no: 
rnsiderable work remains ro b 
; a speech system com pa do ie v. 


ran sm i v. 


*r | 

inc no 


i v/our, 
vho Veer;. 

function 
Ar the a: 
there I: 
bet wo v- 
m i i i i m . : 
The :>rh; 


.;chn.cc! area is that of the trcr.wnirrer. 
e t o car cuss, as i n c i cc to d In r I g u re 1 3 , 

. a i egy available one the potent: el cm a 
or tree;:, . ncy tor e rronsmlsslon system, 

; e so Gio • - : i . Ci'O .vcve . a a a or c i os v/c roe S 

1 - . . ; 

. eou. . 4 ■ C v. " v.) i . v . ^ . i 1 t ' / . . i i. . i i e i eg ! uO 

. • t> « e ' v j on-.. V' . . v.v . i . . . o s e b 

tTi e i o . s c dev: n ; . i o c :c c r re c « « n o i coy . 
u.y reason for a dearth of technology In 


this is - a ncy range is the iack of a source of 
coin;.- . ; ev.j,n. <; o:.jS. At the optical end or the 

.here Is also an abundance ct technology ;a. 
r.rly the discovery of the’ laser. 
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Fig. 13 

; j -/ because of the work of astronomers 


ar 


vd 


As W: 


dc at the potential or epa 


:aj:iuy of those varloo rroquencies ror long range cummum- 


cations, we see that the curve is essentially vhe Inverse of the technology curve. The characteristic 
desired . .. r a transmitter Is high directivity, small sice, and light weight, and this is characteristic 
of the submil iirnoter and optical frequencies; in fact, the higher the frequency, the better. 


The potential curve of Figure 13, cn a theoretical basis, should continue to have a positive slope, 
because more directivity can be achieved at the 
higher frequencies. However, there is a limit to 
hew much directivity can actually be used due to 
the limitation of how accurately the spacecraft 
equipment can point the transmitter. That, coupled 
wlirh the fact that quantum noise becomes . .'..dom- 
inant as opposed to the type of noise at dm micro- 
wave frequency , forces the curve to fa! I off cs m.ov/n . 

Figure 14 I i lustrcv^s vhe gains achieved by ; .Igh 
a! recti vi ,y . When a laser o-^.m is comocr with 
c microwave beam, due to rr. . .wed of the beam, 
rhu oivergy cv five receiver m ^o.wad over a much 

Fig. 14 
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larger! area in the microwave case than in the optics 
:■*' Hv.: rrriepowave receiver then the optica i n v Ivor. 


r, 'J thus less si anal will be 


to take a dvantego of these narrow 




t cppiC ntions, v/e must devise venh- 
-w accurm. ^renting. Sylvania, under 
contact to Marsh* fi S; ,cc Flight Center, is 
looking into 1 !n o c:p w , echos of eiectronica! !y 
steering or 'pointing a , jor beam. Figure I shows 
a iv.:,. . beam being deriected by u , dying vedr- 
c cross e KDP crystal . it turns out that a !<DP 
with voltage applied will, indeed, emheev 
.v.s . ... ..e .md the deflection can be conrroiied 

oy ro.Cng the amount of voltage applied. 
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Fig. 15 

FT. are 16 is another iiiustration of what can be 
cento ved with a highly directive transmitter. 
Figure 16 is a picture taken at Hughes Research 
Laboratory across Santa Monica Bay of a laser 
located about 18 miles away. The important 
thing to notice is how bright the laser light is 
compared to the other lights. It should be noted 
that the red laser light is actually white in the 
confer because the film Is saturated. This laser 
beam Is about one-millionth the power of the 
other lights shown In the picture. It is very 
interesting to see this set-up at Fiughes. If you 
wo.k a few feet ei trier way, you are out of the 
laser beam end you can no longer see it. 


ire next technical area I would like to discuss is 
that of the channel. The principal activity we 
have In this Grea is that of determining the effects 
of plasmas generated during reentry on communi- 
cations. Figure 17 shows the areas during reentry 
whore communications blackout w! i i occur due to 
the plasma c Acts. Any vehicles having a velocity 
and altitude re the righ; of the VHF blackout line 


j r 

ir 


bit 
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!<cuf « Similarly, any vehicle 
right of the channel blackout line v/Ih 


wib suffer VH 

, . i 

ro m 

suffer blackout of C-band. For 
travailing at 20, COO fps at a 
fmw altitude will be blackec 
Apollo reentry trajectory is ci-o shown or 
VHF C-band 


instance, c vehicle 
rune rod vnousonc 
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at bom. 


Fackout during the early portion 


Fig. 17 ^ 

i C-bcnd and VHF frequency. A typical or poss 
igure 17, which indicates that Apollo wi 
reentry . 


suffer vofh 



Shown In Figure 19 is an optic-; ’ technique being 
pursued, which does not appear to fall specifically 
" any of the technical areas bur » s a c* r wi>s do 
■ .» a rcc.Fvr and a transmitter so it v/;ii be 
• ncuss-.V .v. This device is a Mod, lari 
inducing ..o.rc ‘recti ve Optical System (MSROS), 
whicn aers as < passive relay, I he operation is 
allows. 1 r,e .asm* beam with modulation hits 


« . i ^ ',.o< nor re 1 1 e c roi , 
our modulation. Th^ 


as does the laser beam with- 


mcculanon appearing cn the one beam appears also on the other beam after 

it has been reflected by the corner reflector. 
Since the corner reflector returns the light beam 
to the source, a communications relay has been 
accomplished. 


Research effort at Goddard apace Flight Center, 
and also at Langley Research Center, is on the 
same principle except the corner reflector itself 
is modulated. The surn total of these techniques 
v/ill allow us to consider accomplishing optically 
such things as lunar surface communications over 
me horizon; and, for some cpplicarGns, ro leave 
the transmitter off rhe spacecraft and in its place 
Fig. * y put a moauiaflbie corner reflector and Interrogate 

it with a laser beam. Another application might be where an astronaut, exploring the lunar sur- 
face, puts a corner reflector on his helmet, and the mother ship could listen to him talk by 
shining a beam at his helmet. 


.vers 


.w next technical area is that of the receiver. 
Figure 20 shows our present receiving ccpc'oilify. 
With the present 85-foot antenna receiver system, 
we have a good capability to receive average 
quality TV pictures from lunar distances. With the 
210-fcot antenna, NASA will have a good capa- 
bility for high quality TV pictures at a two or 
three pictures per second transmission rate from 
lunar distances, nowover, the planetary capabil- 
ity, even with rise 210-foot dish is stiF meager. 
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Fig. 20 

Our research activity has been to achieve even larger apertures and thus improve our communica- 
tions ility. Both Goddard Space Flight Center and Langley Research Center are coing tech- 

niques \ In arraying of antennas ro increase tho aperture. For example, an array or thirty-six 
wO-vt. antennas would roughly give the same typo or improvement over the 210-ft. anrenna as 


wcs'obToined fro.?. going from an 85— ft . to 
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instance, instead of thirty- ix 35-fr. enrennes, at 
the same price we might be abie to acmovo Thirty - 
six 1 20— ft . or 1 50— fv . ^. hennas. 


Fig. 21 


Abo, the ..ame Technique could possibly be applied to extending the frequency range of the 
..m.eni- a. ..annas, if, 'in the future, A bA goes to X-bcnc! frequencies, the present antennas 
will not have the red mod surface foi ercr.ce in the main reflectors. The multiple feed system 
might be a way of com p e.tsc f « r.c tor lack of tne require^ sui,ace loleicnce. 



Study effort in FY 1965 is planned to determine 
means of achieving large receiving apertures for 
coficc! systems. We ere not interested in a Sarg 
receiving area for coherent defection, bur for 
non-coherenf detection, ’essentially, what is 
needed is a large photon bucket to gather in as 
many of the photons transmitted as possible, 
oosslbie construction of the p 


A 


'icfon bucket is 


Fiq. 22 


Data 


: .cmc] 


shown ir. Figure 22. if is composed of many indi- 
vice:.; reflectors, but the tolerances on the 
reflectors are not stringent since the system is 
used for non-coherenf detection. 
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1*2 o next technical croc 
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technics ..ms and equipment, ibis can be lilusrratccs 
by ;... . \:iq at the computer com ..-ex shown in 
Figure 23. On the let; are shown the arithmetic 
end memory units which are ttw oasic el omen vs Oi 
c computer, in the center are vhe sranoarc input" 
out out equipments. The equipment on rne* ox* rente 
rig... is Vi'.e equipment wmen is making w possmic 
vo acn ;ove easy access to me coi-ipum< . 
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Cfcj'fc* fforts^rn .he computer systems area ere to perf. 
Incrc-' •* .. Icioncv of the com^hir/j com oh x, 

d o sign. ; , ; t ! \ e r ■ araco rr. j a t o r c o ; a ; . . y nicaf.o n 

and flexibility of the computer system. 

.re frying t n achieve ways and near., ro a; lew 
n i o n y p c c / ■ f o w . h s i rn u I r a n e o u s i y w i v is a c orr; ~ 
outer. These pec;., e shown in hi gore 24 v/i 4 solve 
c o m p I e x p rob I e ms s i m u I f a n ecus i y \ / ; rn . ; s a- c o . n pu . ^ r . 

I his is possible becau:.,. the k. k.:,f -ys; 

fie more than one arivh.r.utlc end memory unit 
together. Our long rc..ge god is to achieve a 
computing system whereby many scientist v/culc 
use a compu. ’ simultaneously to so: c complex 

problem, much In the same way an engineer uses 
a slid,.; ruie today to solve some of fee ..sore 
rn unci e n g I r. c e r i n g p rob I o rn s . 


>rrn studies and conduct experiments to 
o point the way to more , eUable systems 
capability and, thereby, increase the utility 


i\ ak-co n ? ut 1 2 c o uis s:;:cat:o:{ 




25 


Fig, 24 

Considerable research effort is being expended in 
evolving computer components. Figure 25 shows 
the status of the computer memory capability. If 
turns out that NASA's interest is in the area whic 
Is a compromise between high speed and large 
core capability. Research over the years in core 
memory, as shown in Figure 26, indicates that v/< 
ere at the end of the development cycle In cores. 
The next generation of memories will probably bo 
continuous ferrite plates end RCA is under con- 
tract to NASA to continue research on ferrite- 
plate structures. 


Using either the continuous ferrite plate approach, 
magnetic films or films on wire, and other com- 
ponents being developed, we feel it wii; be 
possible to I: did computers in the size and weight 
allowed on spacecraft with the seme capability as 
our present day large ground computers. This, 
coup.. . with v. ;o results of the man-computer corn- 
municcr.cns exert should result in providing the 
astronauts or space scle.r. . a w.a .coon or other 
planets with a rhjn performance computer which 
could be used v h ease to either -o!vo a complex 
navigation pro or complex scientific 
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1 have discussed examples wh’rh Illustrate 
Ir.srrur.i^r. ring of the phenomena ro the 


NASA's research activities In the technical 
experimenter, and also interaction between 


areas 



I for ;< 





■Vx;'.' end data processing. Success! u bcv.. 

^:*; ; ued t>ut not discussed today, sheen.- orshc 
.nn.^ . jful deve as wcil as consider ne’v types 


-v on; gf these techniques, as v/el! as ode 
nee the capability of experimenters to garm 
o f^: x p e r i rn c n rs * n space. 
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